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Abstract 


Artemia urmiana cysts were collected from seven sites in Urmia Lake, Iran. Biometrical analysis revealed that the mean values 
for the untreated cysts ranged from 262.7 to 286.6 pm, decapsulated cysts from 258.6 to 273.9 pm. and the chorion thickness 
ranged from 1.2 to 9.3 pm. The cyst samples were tested for their buoyancy at salinities of 35. 50, 100, 150 and 200 g/l. T\vo cyst 
batches from Great Salt Lake (Artemia franciscana) were also tested as reference material. It was found that the majority of Urmia 
cysts (over 60%) sank after 72 h even at the salinity of 200 g/l, while, GSL cysts reached a much lower figure (less than 10%) after 
the same time period. Transmission electron microscopy studies of the Urmia cyst chorion revealed a thinner alveolar layer and a 
thicker fibrous layer in comparison with the respective layers of A. franciscana cysts. A. urmiana instar-I nauplii biometry was also 
performed (total naupliar length: 466.3-505 pm). Six reproductive and four life span characteristics were investigated at salinities 
of 35, 50, 100, 140 and 180 g/l in order to evaluate A. urmiana performance at different salinities. A. urmiana individuals showed a 
preference for high salinity, since high mortality was recorded at 35 and 50 g/l. No significant differences were found between the 
three highest salinities (100, 140 and 180 g/l) tested (P>0.05), with the exception of offspring per brood, reproductive period, and 
total life span. The analysis of highly unsaturated fatty acid (HUFA) profile of instar-I nauplii hatched from collected cyst batches 
resulted in low levels of eicosapentaenoic acid (20:5n-3) and high levels of linolenic acid (l8:3n-3) ranging from 1.8 to 7.2 and 
from 32.7 to 54.7 mg/g DW, respectively. Only traces of docosahexaenoic acid (22:6n-3) were found. 
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al., 1998; Van Stappen, 2002). Up to date, the following 
bisexual species have been described: Anemia francis- 
cana and Anemia persimilis in the New World, and 
Anemia salina, Anemia urmiana, Artemia tibetiana and 
Anemia sinica in the Old World (Abatzopoulos et al., 
2002a,b). Apart from bisexual Anemia species, there are 
numerous parthenogenetic populations found in the Old 
World, with ploidy levels varying from di- to tri-, tetra- 
and pentaploid (Abatzopoulos et al., 1986; Triantaphylli- 
dis et al., 1998). 

Anemia cyst demand in aquaculture has increased to 
over 2000 metric tons annually (Sorgeloos et al., 2001; 
Dhont and Sorgeloos, 2002). In order to sustain the fast 
growing aquaculture industry (Lavens and Sorgeloos. 
2000), natural resources other than Great Salt Lake in 
Utah (USA) should be explored as alternative commer¬ 
cial sources (Triantaphyllidis et al., 1994; Lavens and 
Sorgeloos, 2000). In 1993, the Iranian government, 
through the Iran Fisheries Company, decided to initiate a 
detailed hydrobiological study of Urmia Lake in order to 
formulate recommendations for a sustainable exploita¬ 
tion of the endemic A. urmiana population as a cyst and 
biomass resource. The first results of these efforts are 
described in Van Stappen et al. (2001). 

Urmia Lake is one of the biggest natural Anemia 
habitats in the world. It is a landlocked thalassohaline, 
sodium chloride lake (Loffler, 1961) located in the 
northwestern region of Iran (45°10'N and 30°20'E) at 
1250 m above sea level (Cole and Brown, 1967; Azari 
Takami, 1993). Its surface area ranges from 4750 to 
6100 km 2 and the average and greatest depths account 
for 6 and 16 m, respectively (Azari Takami, 1993; Van 
Stappen et al., 2001). For extensive information on the 
hydrology of Urmia Lake and its Anemia population 
dynamics, see Van Stappen et al. (2001) and references 
therein. 

Gunther (1899) reported for the first time the 
presence of Artemia in Urmia Lake. The species was 
designated as A. urmiana. Clark and Bowen (1976) 
demonstrated that there is reproductive isolation be¬ 
tween A. urmiana , A. salina (formerly Artemia 
tunisiana, see Triantaphyllidis et al., 1997a) and A. 
franciscana under laboratory conditions. Barigozzi et al. 
(1987) reported that a sample from Urmia Lake was 
found to be exclusively parthenogenetic, consisting of 
diploid, tetraploid and pentaploid individuals. Since no 
bisexual Artemia was present in those samples from 
Urmia Lake, Barigozzi (1988) proposed to drop the 
species designation A. urmiana. Later, Ahmadi et al. 
(1990), studying Artemia cysts collected from the 
western shoreline of the lake in August 1987, showed 
that the Artemia population of Urmia Lake was a 


mixture of bisexual and asexual brine shrimps. Abatzo¬ 
poulos et al. (2002b) utilized a multidisciplinary 
approach based on allozyme analysis, RAPDs and 
cross-breeding experiments for investigating speciation 
in the genus Artemia. Baxevanis et al. (2005) applying 
morphometry confirmed previous findings, although 
mtDNA-RFLP analysis (16S rRNA) showed that A. 
urmiana was indistinguishable from A. tibetiana. 

The scope of this paper is to further characterize A. 
urmiana focusing on its potential use in aquaculture. 
Therefore, it reports on the biometry of cysts and instar-I 
nauplii, and on the reproductive performance and life 
span characteristics of A. urmiana in cultures at different 
salinities. The poor floating capacity of the cysts 
collected from several sites in Urmia Lake is examined 
by applying simple buoyancy tests and by studying cyst 
chorion structure through transmission electron micros¬ 
copy. Fatty acid profiles of instar-I nauplii derived from 
five cyst batches are also evaluated. 

2. Material and methods 

Artemia cysts were collected from seven sampling 
stations in Urmia Lake (a detailed description of Unnia 
Lake and results of field studies on A. urmiana can be 
found in Van Stappen et al., 2001). Fig. 1 depicts the 
locations of the various sampling sites in the lake while 
Table 1 shows the cyst sample code numbers used 
throughout this study, the Artemia Reference Center cyst 



rmia Lake (Iran) and location of the sampling stations. 
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h incubation under standard conditions and localities 


Urmia 1 

Urmia 3 
Uimia 5 

Urmia 7 



Hatching Locality 

33.4±3.4 Khantakhti 

97.8±3.4 South of 

Khantakhti 
20.2±3.0 Kaboudan 

17.3 ±2.7 Causeway Hast 

13.7± 1.4 South of Aq 

72.9±2.3 Sharaf Khanch 

22.5±3.1 Golman Khanch 


bank code numbers and the localities. Sampling was 
performed by dragging a 100-pm mesh size net (60 cm 
opening, 20 cm cod end and 2.5 m length) over a length 
of400 m in each of the designated transect stations. The 
collected cysts were packed in polyethylene plastic bags 
for transportation. Cysts were cleaned according to 
Sorgeloos et al. (1986). A. franciscana cysts from Great 
Salt Lake (ARC No: GSL-1 1287, GSL-2 1286) were 
used as reference material when needed. 

2.1. Biometry of cysts and nauplii 

Decapsulation of cysts was performed according to 
Sorgeloos et al. (1986). Prior to measurement, dec- 
apsulated and non-decapsulated cysts were hydrated in a 
10 g/1 artificial Dietrich and Kalle (D&K) medium 
(Kalle, 1971) which was prepared following the 
modifications of Vanhaecke et al. (1984) and filtered 
through a 0.45-pm cartridge filter (Sartobran^-PH 
capsule from Sartorius). The hydrated cysts were 
measured under a microscope equipped with an 
eyepiece micrometer Leitz device containing a graticule. 
The graticule was calibrated against a standard micro¬ 
scale and the measurements had an accuracy of 1 pm. 
Cysts were hatched in filtered D&K hatching medium 
(i.e. salinity was 35 g/1, temperature 27± 1 °C, pH 8.75, 
illumination ~ 2000 lux). Instar-I nauplii were harvested 
and fixed in 1% lugol solution at 35 g/I D&K medium 
and measured under the microscope to the nearest pm. 
The hatching percentages of all samples were also 
calculated according to Sorgeloos et al. (1986) (Table 1). 

Data were analyzed using Statistica (version 6) and 
STATGRAPHICS Plus 5. The diameter of untreated and 
decapsulated cysts, as well as the length of instar-I nauplii 
were analyzed by a standard single factor ANOVA (Sokal 
and Rohlf, 1981). Bartlett’s, Hartley’s, Cochran’s and 
Levene’s tests were applied to determine the homogeneity 


of variances. For post-hoc comparisons, Least Significant 
Difference tests (LSD) were employed. 

2.2. Survival, growth, reproductive and life span 
characteristics 

Cysts of Urmia 2 sample were incubated in 0.45-pm 
filtered 35 g/1 D&K medium under standard conditions 
(Sorgeloos et al., 1986). This sample was chosen 
because it showed the highest hatching percentage 
(Table 1) and the quantity of cysts was sufficient for 
conducting experiments on survival, growth and life 
history traits. The hatched nauplii were transferred to 1- 
1 cylindroconical glass jars containing 0.45-pm filtered 
D&K medium of35, 50, 100, 140 and 180 g/1 salinity, at 
an initial animal density of 2 nauplii/ml. The density 
was reduced after day 8 to one metanauplius per 4 ml. 
The temperature was kept at 25 ± 1 °C and mild aeration 
was supplied from the bottom of the culture jars, which 
were covered with perforated Petri dishes to minimize 
evaporation. The salinity of the culture medium was 
daily monitored and adjusted at the desired level by 
adding distilled water when needed. Three replicates 
were set up for each salinity value. The animals were fed 
on a mixed diet of the alga Dunaliella tertiolecta 
Butcher and the yeast-based formulated feed LANSY 
PZ (INVE Aquaculture SA, Belgium), following the 
feeding schedule of Triantaphyllidis et al. (1995). 

Survival was monitored at each water renewal, i.e. on 
day 8, 11, and every 3 or 4 days thereafter until the end 
of the experiment. Survival data were log-transformed 
and analyzed through regression and ANCOVA (for 
details, see El-Bermawi et al., 2004). 

For each growth experiment, one hundred nauplii 
were transferred immediately after hatching in separate 
50-ml Falcon tubes at 100, 140 and 180 g/1 salinities 
(culture experiments at salinities of 35 and 50 g/1 resulted 
in very low survival, see Results). Total length of 
individuals was recorded at each water renewal. Animals 
were anaesthetized in chloroform-saturated seawater and 
measured under a dissection microscope equipped with a 
camera Lucida and a digitizer (measurement precision 
was 1 pm). Growth analysis was performed separately 
for males and females identified at sexual maturity. Data 
on total lengths measured at a specific time for each 
salinity allowed the calculation of the Von Bertalannfy 
equation parameters. Details about this method can be 
found in El-Bermawi et al. (2004). 

The reproductive performance of individuals from 
Urmia 2 sample was based on six reproductive and four 
life span characteristics which were recorded following 
the methodology described by Browne et al. (1984,1988), 






Table 2 

(mean ±S.D.) and the chorion thickness for A. unniana samples 
Sample Cysts (pm) Decapsulated Chorion Length (pm) of 

_^_(Mm)_ P 

Urmia I 262.7*15.2* 258.6±17.4° 2.1 466.3*48.1* 

Urmia 2 276.7* 18.3 b 274.4*18.4' 1.2 497.2±39.0 C 

Urmia 3 274.5* I4.9 b 270.3±14.8 td 2.2 505.0*29.7" 

Urmia 4 273.4±l6.6 b 266.9±15.1 be 3.2 497.1±30.2 C 

Urmia 5 280.8*19.5" 264.3* 14.1 b 8.3 488.4±26.3 b 

Urmia 6 286.5* 12.3 d 267.8±l5.7 bc 9.3 471.7*28.7* 

Urmia 7 286.6* 14.3 d 273.9*16.6* 6.4 473.9*29.6' 

F-value 27.7 16.1 n.a. 22.6 

df 6693 6693 6693 

n.a.=non applicable. 

F-value and degrees of freedom (df) for ANOVA are given for each 
significantly different (LSD tests. P>0.05). 

i.e. offspring per brood, broods per female, offspring per 
female per day during the reproductive period, days 
between broods, percent of encysted embryos, total 
offspring per female, pre-reproductive period, reproduc¬ 
tive period, post-reproductive period and total life span 
(the last four characteristics were measured in days). As 
soon as males and females were sexually mature, couples 
were isolated and transferred to 50-ml Falcon tubes with 
45 ml of 0.45-pm filtered D&K medium of desired 
salinity. Prior to transfer, acclimatization of the animals 
was performed (Baxevanis et al„ 2004). For each salinity 
experiment, twenty couples were observed daily for 
reproduction and survival. Males were replaced at death. 

Tests for homogeneity of variances (Levene’s test, 
Bartlett's test and Hartley’s F max test) showed signifi¬ 
cant deviations from equal variances for most of the 


studied characteristics. Since log or square root 
transformation did not remove heteroscedasticity, an 
approximate test for equality of means was performed 
when variances were assumed to be unequal and sample 
sizes varied (Games and Howell. 1976). 

2.3. Buoyancy tests 

A simple buoyancy test was applied to observe the 
floating capacity of hydrated cysts at different salinities. 
Seven cyst samples were collected from Urmia Lake 
(Iran) and two from Great Salt Lake (Utah, USA) with 
known chorion thickness and were tested. Prior to 
buoyancy experiments, cysts were dehydrated: five 
grams of each sample were placed into small aluminum 
foil trays and oven dried at 37 °C for 24 h. The dehy¬ 
drated samples were placed into 50-ml glass test tubes 
containing D&K medium of 35,50, 100, 150 and 200 g/ 
I salinity (in triplicates). The tubes were lightly shaken 
and the proportion of floating cysts was determined (by 
weighing) afler 1. 2 and 3 h for all tested salinities, and 
again after 72 h for the salinities of 100, 150 and 200 g/1, 
since hatching was prominent at 35 and 50 g/1. The 
experimental procedure described above was repeated 
with the addition of an extra step. After dehydration, 
cysts were re-hydrated in 10 g/1 for an hour to ensure that 
all start from the same hydration level. However, no 
differences were observed (data not shown). 

2.4. Transmission electron microscopy (TEM) study 

For the TEM study, cysts were fixed overnight in a 
glutaraldehyde-paraformaldehyde mixture (Kamovsky, 
1965) diluted 3:1 with cacodylate buffer 0.2 M, pH 7.4. 













(2006) 442-454 


rinsed in cacodylate buffer and postfixed in 2% osmium sampler. A polar 50-m capillary column BPX70 (0.32 mm 
tetroxide in cacodylate buffer. After additional buffer diameter and a layer thickness of 0.25 |im, connected to a 

rinses, the tissue was dehydrated in an ascending series 2.5-m methyl-deactivated precolumn) was used for 0.2-pl 
of ethanol concentrations to absolute ethanol and injections. The carrier gas was hydrogen at a pressure of 
embedded in Epon 812 or LX resin. Ultrathin sections 100 kPa and the detection mode FID. The temperature 
were stained with uranyl acetate followed by lead citrate profile at the oven was programmed as follow: initial 

and examined with a JEOL 100 (Criel, 1992). temperature at 85 °C, increase at 150 °C (at a rate of 20 °CJ 

min), increase to 152 °C at 0.1 °C/min, from 152 °C to 174 
2.5. Lipid analysis °C at 0.7 °C/min and from 174 °C to 180 °C at 10 °C/min. 

The last temperature was kept for 2 min. Identification 
Fatty acid methyl esters (FAME) were prepared was based on standard reference mixtures (Nu-Chek- 

through direct acid-catalyzed transesterification following Prep., Inc., USA), 

the procedure described in Triantaphyllidis et al. (1996). 

An internal standard, 20:2(n-6), was added before the 3. Results 
reaction. Hexane was used for the extraction of FAME and 

after the evaporation of the solvent, FAME were prepared 3.1. Hatching percentage 

for injection (by redissolving them in iso-octane). 

Quantitative determination was performed on a Chrom- The hatching percentages of the seven samples 

pack CP9001 gas chromatograph equipped with auto- studied were not satisfactory (less than 35% for most 
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Fig. 3. Growth curves of A. urmiana males (A) and females (B) reared at three different salinities (100, 140 and 180 g/l). 
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of them after 48 h of incubation, see Table 1), with the 
exception of the Urmia 2 and Urmia 6 samples (97.8% 
and 72.9%, respectively). Accordingly, and because of 
the limited number of Urmia 6 cysts, the Urmia 2 sample 
was the only one used for studying survival, growth, 
reproductive and life span characteristics of A. urmiana 
(see below). 

3.2. Biometry of cysts and nauplii 

The diameter of hydrated non-decapsulated and 
decapsulated cysts, the chorion thickness and the 
instar-I naupliar length are presented in Table 2. The 
mean value of the diameter of non-decapsulated cysts 
ranged from 262.7 to 286.6 pm, while for the 
decapsulated cysts it varied from 258.6 to 274.4 pm. 
Samples of both untreated (non-decapsulated) and 
treated (decapsulated) cysts showed statistical differ¬ 
ences (ANOVA, */ > <0.05) (see Table 2). The LSD test 
showed that there are four distinctive sample classes 
regarding untreated cysts: i) Urmia 1 (lowest value), ii) 
Urmia 2, 3 and 4, iii) Urmia 5 and iv) Urmia 6 and 7 
(highest values) (see Table 2). The LSD test on treated 
cysts did not show any particular grouping; Urmia 1 
decapsulated cysts were the smallest while those of 
Urmia 5 sample were the largest (Table 2). Chorion 
thickness mean values ranged from 1.2 to 9.3 pm (Table 
2). Total naupliar length was measured from 466.3 to 
505.0 pm showing significant differences (ANOVA, 
*P<0.05) (Table 2). The LSD test for instar-I naupliar 
length revealed that cysts from Urmia 1, 6 and 7 
produced the smallest nauplii, while cysts from Urmia 2, 

3 and 4 produced the largest ones (Urmia 5 naupliar 
length was intermediate, see Table 2). 

3.3. Survival, growth, reproductive and life span 

Since it had the highest hatching percentage and the 
biggest available amount of cysts, the Urmia 2 cyst 
sample was also chosen for culturing experiments and 
for recording the reproductive and life span character¬ 
istics. Furthermore, the Urmia 2 cyst sample is 
representative of the existing Artemia population in 
that region of the lake. 

Culture experiments at salinities of 35 and 50 g/1 
resulted in very low survival (less than 10% after day 7 
and 5% after day 10 of the culture period, data not 
shown). Therefore, reproductive performance in these 
salinities was not recorded. Survival of A. urmiana 
cultured for ~ 50 days at 100,140 and 180 g/1 is shown in 
Fig. 2. Log-transformed survival values regressed on 


time showed that survival was high at all salinities. No 
significant differences were found between salinities 
(ANCOVA, / > >0.05). However, the regression analysis 
showed a tendency for A. urmiana to perform better at 
180 g/1 (Fig. 2). 

Growth rates for A. urmiana females and males 
reared at 100, 140 and 180 g/1 are given in Fig. 3 (A 
and B). Female individuals (Fig. 3A) showed the 
same growth rate (AT) at all salinities (Kruskal-Wallis, 
/ > >0.05), while the growth rate of males at 100 
g/1 was higher compared with that at 140 and 180 
g/1 (Kruskal-Wallis, *P<0.05). The recorded maxi¬ 
mum total length of females and males was not affected 
by the increase of salinity. It should be noted that 
females displayed higher values for maximum total 
length compared with males, while the latter showed 
higher values in growth rate (K) at all salinities (see 
Fig. 3 A, B). 

Table 3 summarizes the results of the tests on the six 
reproductive and four life span characteristics of A. 
urmiana (Urmia 2 sample) cultured at 100, 140 and 180 
g/1. Statistical analysis did not reveal significant 
differences in five out of six reproductive traits, i.e. 
individuals reared at 180 g/1 had a significantly lower 
number of offspring per brood than those reared at 100 
and 140 g/1 (*/ > <0.05). Two out of four life span 
characteristics were affected by salinity increase, i.e. 
individuals cultured at 140 and 180 g/1 showed a 
significantly longer reproductive period and total life 
span than those at 100 g/1 (*P<0.05) (Table 3). 


Table 3 

Reproductive and life span characteristics (mean±S.D.) of A. urmiana 
individuals reared at three different salinities 



140 g/1 
48.3 ± 10.3 b 
11.4±3.9* 


5.6941.0“ 

75.9428.5“ 

536.64223.7* 
32.04 2.79* 

65.5427.8 b 

0.241.1“ 


180 g/1 



416.65 4 262.6* 
31.043.76“ 
65.94 23.8 b 


97.7428.9 b 99.S 


7.0 b 


significantly different (P>( 
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3.4. Buoyancy tests and TEM study of cyst chorl 


During processing, Urmia cysts were sinking faster 
compared with cysts from Great Salt Lake. Therefore, we 
performed simple buoyancy tests in order to investigate 
the floating ability of Urmia cyst batches when hydrated in 
the salinities of 35, 50, 100, 150 and 200 g/1. The results 
were compared with those of the two GSL strains, which 
were used as controls (Fig. 4). The samples 2, 3 and 4 
showed very low percentages of buoyant cysts (from 
~ 10% to ~40%) at all salinities, even after 72 h (Fig. 4). 
However, the cyst batches 5,6 and 7 did not show similar 
floating ability: the percentage of sinking cysts decreased 
with the increase of salinity (up to 150 g/1) in all hydration 



3 hours 

100 T- 



0-1-1-1-.-r- 1 

0 50 100 150 200 


Salinity (g/1) 


periods. At 200 g/1, more than 60% of the cysts sank and 
this also applied to all collected batches (Fig. 4). The only 
exception was the Urmia 1 sample (Fig. 4), which showed 
a floating capability very similar to the control material 
(GSL 1 and 2) in all salinities and hydration periods (see 
Fig. 4). This triggered the investigation of cyst chorion 
structure. Hence, cysts were examined by means of TEM 
to obtain information on both the chorion and on the 
structure of the various layers surrounding the embryo. 
The results are shown in Fig. 5. Although the total shell 
thickness (consisting of the chorion and four additional 
layers or membranes) was approximately the same in both 
A.franciscana (GSL) and A. urmiana (varying from 10 to 
13 pm), electron microscopy revealed striking differences 
between the layers of these two species. GSL cyst shell 
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showed a relatively thicker alveolar layer (8 pm, cortical 
layer included) with wide alveolae and a relatively thinner 
fibrous layer (3 urn). In contrast, for A. unniana cysts, 
both alveolar and fibrous layers were of equal thickness (6 
|im) with narrower and more compressed alveolae (see 
details in Fig. 5). 


3.5. FAME analysis 

Table 4 shows the fatty acid composition of A. 
urmiana instar-I nauplii collected from five sampling 
sites. All samples exhibited high levels of linolenic acid 
(18:3n-3) but low levels of eicosapentaenoic acid (EPA, 


:r analysis of Arlemia m 


Area (%) DW (mg/g) Area (%) DW (mg/g) Area (%) DW (mg/g) Area (%) DW (mg/g) . 


17:l(n-7)* 

l8:l(n-9) 

18:l(n-7)* 

18:2(n-6)-c 
18:3(n-6) 

18:3(n-3)* 

18:4(n-3)* 

19:0 

19:l(n-9) 

20:I(n-9)* 

20:4(n-6) 

20:3(n-3) 

20:5(n-3)* 

22:6(n-3) 

Tn-3: 20:3(n-3)* 

Total FAME (mg/g) 138.3 



















20:5n-3), ranging from 34.8 to 54.7 and from 1.8 to 7.2 
mg/g DW, respectively. Docosahexaenoic acid (DHA, 
22:6n-3) was found only in traces in Urmia 2 sample and 
below detectable levels in the remaining samples. Urmia 
cysts also had low levels of highly unsaturated fatty 
acids ranging on average from 3.9 to 8.0 mg/g DW. 

4. Discussion 

The diameter of non-decapsulated cysts of Urmia 
Lake samples (ranging from 262,7 to 286.6 pm) is 
among the largest recorded for bisexual Artemia species, 
with the only exception of the cyst size of A. libetiana 
(from Lagkor Co in the high Tibetan plateau), the latter 
being the largest (ranging from 323 to 330 pm) ever 
recorded cyst in Artemia bibliography (Abatzopoulos et 
al., 1998). The size of untreated Urmia cysts showed 
considerable similarities to those of some parthenoge- 
netic populations from China, India, Italy (Vanhacckc 
and Sorgeloos, 1980) and to Greek apomictic tetraploid 
parthenogens (Abatzopoulos et al., 1987, 1993; Trian- 
taphyllidis et al., 1993). The important variability 
observed on cyst diameter of Urmia samples does not 
match literature data. D'Agostino (1965) reported that, 
within the same strain, the mean “egg size” remains 
constant between batches collected at different periods 
of the year. Vanhaecke and Sorgeloos (1980) reported 
that in some cases the mean cyst size within a certain 
strain might vary up to 10 pm from one batch to another 
owing to varying environmental conditions. The 
variation in cyst diameter of Urmia samples, which in 
fact were collected within a month, as well as data based 
on cytology (polyploid instar-I nauplii, T.J. Abatzopou¬ 
los, unpublished data) and earlier reports (Ahmadi et al., 
1990), imply a probable coexistence of bisexual and 
parthenogenetic Artemia strains in Urmia Lake (Bar- 
igozzi et al., 1987) and adjacent lagoons (Naser Agh, 
personal communication). However, the morphometri- 
cal/morphological data of adult brine shrimps and their 
sex ratio in the Urmia 2 cultures (data not shown) did not 
ascertain the presence of any parthenogenetic individ¬ 
ual, at least in this sample. However, application of more 
advanced and sensitive techniques (such as molecular 
markers: Gajardo et al., 2004 and Baxevanis et al., 
2005) would probably shed more light to the potential 
coexistence between A. urmiana and parthenogenetic 
populations in Urmia Lake. 

For A. urmiana, chorion thickness ranged from 1.2 to 
9.3 pm showing great variability among the different 
batches studied. The observed variation in chorion 
thickness may be the result of several unknown factors. 
An intangible factor that may have provoked such a 


variation could be that some cysts were obtained by 
squeezing gravid (egg bearing or oviparous) females 
collected with adult biomass; this procedure may have 
been producing a proportion of insufficiently developed 
cysts in the final cyst product collected. This may also 
explain the existence of a slimy, gelatinous substance in 
the unprocessed cyst material that could strongly affect 
cyst hatching ability. However, Urmia 2 sample, which 
had the thinnest chorion of all cysts examined in this 
study (i.e. 1.2 pm), showed an excellent hatching 
percentage, the highest among all batches collected 
(97.8%). Therefore, the hypothesis of having poorly 
developed or “immature cysts” may be safely ruled out. 

There was no correlation found between diameters of 
untreated and decapsulated cysts (Table 2) as it was 
expected. 

The mean length for instar-I nauplii ranged from 
466.3 to 505 pm. No significant correlation between the 
naupliar length and the cyst diameter (decapsulated or 
not) was found and no grouping of naupliar length 
according to the geographical origin of the samples was 
observed. This is in accordance with the findings of 
Vanhaecke and Sorgeloos (1980) who found that cyst 
diameter had the lowest correlation value with naupliar 
length. Comparisons with oXhor Artemia strains revealed 
that the average size of instar-I nauplii from Urmia Lake 
is larger than that of A.franciscana which is mainly used 
in aquaculture (Vanhaecke and Sorgeloos, 1980). 
Therefore, A. urmiana nauplii are suitable for use with 
predators where Artemia size is not critical (i.e. 
freshwater fish species), but are a less valuable diet for 
marine fish and shrimp larvae, where can be used only in 
later developmental stages (Abatzopoulos et al., 1989). 

The A. urmiana population grown from Urmia 2 
cysts showed high survival at elevated salinities (100, 
140 and 180 g/1; see Fig. 2), while at low salinities (35 
and 50 g/1) mortality was high (data not shown). No 
statistical difference in survival was observed at the 
three salinity regimes and the regression line slope 
values for ,4. urmiana at different salinities ranged from 
-0.003 to -0.007 (Fig. 2). The survival of A. urmiana 
individuals at elevated salinities was higher compared 
with that of four Egyptian strains (three parthenogenetic 
and A. salina) (El-Bennawi et al., 2004). 

Growth rate analysis of A. urmiana females and 
males (see K values in Fig. 3) based on Von 
Bertalannfy’s equation revealed that males grow faster 
at 100 g/1, while females have similar growth at all 
salinities tested. It should also be noted that A. urmiana 
males grow faster than females in all salinities examined 
(see K values in Fig. 3). The comparison of K values of 
Egyptian Artemia strains (both sexual and asexual) (El- 



Bermawi et al., 2004) with those of A. urmiana reveals 
similar growth rates at salinities above 120 g/i. 
However, unlike A. urmiana , the growth rate of the 
Egyptian strains was strongly affected by the increased 
salinity (El-Bermawi et al., 2004). Recorded maximum 
total lengths for males were smaller to those of females 
at all salinities. Total length values for A. urmiana males 
and females at 100, 140 and 180 g/1 were very close to 
those reported by Baxevanis et al. (2005) for the same 
species. 

There is a considerable literature information on 
morphometry, reproductive and life span characteristics 
of many bisexual and parthenogenetic Artemia popula¬ 
tions (Browne et al., 1984, 1991; Triantaphyllidis et al., 
1997a,b; Baxevanis et al., 2004; Ei-Bermawi et al., 
2004). Most of these studies have contributed to the 
evaluation of genetic and environmental components of 
variance in sexual and clonal Artemia. They have also 
enabled the comparison of life history characteristics 
and strategies between different populations (Browne et 
al., 2002; Abatzopoulos et al., 2003; Baxevanis and 
Abatzopoulos, 2004; Kappas et al., 2004). However, the 
effects of salinity on A. urmiana populations have been 
poorly examined. It appears from Table 3 that the 
increase of salinity from 100 to 180 g/1 did not produce 
any noticeable effect on the reproductive and life span 
characteristics of A. urmiana (Table 3). On the contrary, 
salinity values above 120-140 g/1 were shown to induce 
a negative impact on many other Artemia species or 
strains (Vanhaecke et al., 1984; Triantaphyllidis et al., 
1995; Browne and Wanigasekera, 2000; Baxevanis and 
Abatzopoulos, 2004; Baxevanis et al., 2004). Previous 
laboratory investigations on several Artemia species 
showed that the optimal range of salinity lies between 60 
and 150 g/1 (Browne et al., 1991; Triantaphyllidis et al., 
1995; Baxevanis et al., 2004). However, A. urmiana 
showed better reproductive performance in culture 
media of high salinity (close to 180 g/1) (see Table 3). 
This can be explained by a prolonged reproductive 
period at 140 and 180 g/1 as opposed to that at 100 g/1. 
Although there was no significant difference in the 
percentages of encysted embryos produced at the three 
salinities (Table 3), it seems that there is a tendency for 
encystment to increase with salinity (Table 3). Bax¬ 
evanis et al. (2004) observed that the salinity increase 
was positively correlated with the number of produced 
encysted embryos. Our experiments confirm an earlier 
finding (Van Stappen et al., 2001) that A. urmiana 
reproduces predominantly through oviparity. It is worth 
noting that the A. urmiana population displayed high 
percentages of encysted offspring, which makes it 
attractive for future commercial exploitation. 


Survival, growth, reproductive and life span char¬ 
acteristics of A. urmiana were not significantly affected 
by the lakewater salinity increase observed during 
recent years. High salinities were measured in Urmia 
Lake. Salinity fluctuated between 150 and 180 g/1 for 
the period ranging from July 1994 to January 1996, 
exceeded 200 g/1 during the winter of 1997/98 and 
reached 240 g/1 in autumn 1999 (Van Stappen et al., 
2001). Furthermore, in past years low precipitations 
resulted in salinities well above 280 g/1 (September 
2004, personal observation). It is remarkable that even at 
salinities as high as 300 g/1, the A. urmiana population 
was thriving. 

Azari Takami (1993) describing Artemia cysts from 
Urmia Lake mentioned that during late autumn, cysts 
in the areas of Khantakhti (close to site 1) and Saraf 
Khaneh (close to site 6) (see Fig. 1) were found near 
the bottom or in the water column, while in Golman 
Khaneh (close to site 7), cysts could be collected 
within only a few meters from the coast by stirring the 
bottom sediments. Van Stappen et al. (2001) found 
that there was a significant amount of suspended A. 
urmiana cysts in the water column during their Urmia 
Lake field study. In this study, very high percentages 
of cysts (from 60% to 90%) had no floating capacity 
even after 72 h in 200 g/1 medium (with the exception 
of the Urmia 1 sample for which microscopic analysis 
revealed that it contained a considerable amount of 
empty and cracked cysts). The fact that a high 
proportion of Urmia Lake cysts do not float and the 
need to exploit Urmia Lake, deserve further study. 
The following points may be addressed i) determine 
the salinity range allowing cysts to float, ii) evaluate 
the sunk proportion of cysts in Urmia Lake, iii) 
optimise the sampling techniques for removing 
suspended cysts in the water column and iv) enhance 
existing protocols to achieve better diapause deacti¬ 
vation. As to the latter point, simple dehydration 
protocol proved to be inappropriate or even detrimen¬ 
tal to Urmia cysts (unpublished data). Cold storage 
treatment may be more effective as shown in the case 
of the sinking Mono Lake cysts (Drinkwater and 
Clegg, 1991). 

It would be interesting to examine cyst samples 
collected from sediments of Urmia Lake and compare 
the results with the laboratory observations. 

Observations on the floating capacity of A. urmiana 
cysts led to a more detailed study of their chorion 
structure through TEM. A probable explanation for the 
floating capacity of A. urmiana cysts stands in its 
alveolae shape and volume (Fig. 5) (alveolae contain 
air that allows the cysts to float). The presence of 







narrower and more compressed alveolae in A. urmiana 
cysts compared with those of GSL strains (A. 
franciscana ) may result in a poor capability of 
floating. The protein synthesis of the hatching 
membranes surrounding the encysted embryo has 
shown unexpected variation among Anemia species 
(Abatzopoulos et al., 1997). In some cases, this can be 
used to determine the origin of cyst samples. For 
instance, A. urmiana presented markedly different 
banding patterns compared with the A. franciscana 
group, although obvious resemblance existed with the 
parthenogenetic populations (Abatzopoulos et al., 
1997). 

Fatty acid content of instar-I nauplii is an important 
trait of Anemia strains used in aquaculture. Linolenic 
acid (18:3n-3) of A. urmiana instar-I nauplii showed 
values in the range of 32.7 to 54.7 mg/g DW (Table 
4). These values were similar to or even higher than 
those recorded for other Anemia strains (28.6-40 mg/ 
g DW for GSL, 3.6-39.3 mg/g DW for Chinese 
Artemia strains, 16.7 mg/g DW for A. persimilis, only 
traces for A. tibetiana) (Dhont and Sorgeloos, 2002, 
and references therein). Eicosopentaenoic (20:5n-3, 
EPA) and docosahexaenoic (22:6n-3, DHA) acids in 
A. urmiana varied from 1.8 to 7.2 and from 0.3 to 0.4 
mg/g DW, respectively (Table 4). The recorded values 
are close to those of other Artemia species and strains, 
with the exception of A. tibetiana which has EPA 
concentrations of up to 44.7 mg/g DW (Han et al., 
1999). 

The relationship between fatty acid composition of 
Anemia nauplii used for aquaculture purposes and the 
successful culture of several fish and crustacean species 
is well documented (for more details, see Dhont and 
Sorgeloos, 2002, and references therein). In particular, 
the levels of eicosapentaenoic (20:5n-3, EPA) and 
docosahexaenoic (22:6n-3, DHA) acids as well as 
their ratio (DHA/EPA) play a crucial role in aquaculture 
applications for the formation of biological membranes, 
growth, stress resistance and pigmentation in cultured 
marine organisms (Mourente et al., 1993; Lavens et al., 
1995). As in other natural Artemia populations, a high 
ratio of DHA/EPA is not found in A. urmiana 
(Triantaphyllidis et al., 1995). Therefore, special 
enrichment formulations had to be developed (Dhont 
and Sorgeloos, 2002). 

5. Conclusions 

Most of Urmia cyst samples presented poor hatching. 
Special attention should be paid during cyst processing 
since dehydration has a negative impact on cyst 


hatching quality. A. urmiana cysts are among the largest 
recorded for bisexual Artemia species (with the only 
exception those of A. tibetiana ) showing considerable 
similarities to the cyst size of some parthenogenetic 
populations from China, India, Italy and Greece. Their 
diameter was highly variable. Although this variability 
could be expected, it may, also, serve as a strong 
indication of co-existing bisexual and parthenogenetic 
Artemia populations in Urmia Lake. Also, considerable 
variability was observed in cyst chorion thickness 
resulting from unknown factors. 

A. urmiana nauplii are suitable for use with predators 
where live feed size is not critical. Certainly, they can be 
used as live feed for later developmental stages of 
cultured species. Their moderate HUFA profile can be 
manipulated by utilising appropriate enrichment 
emulsions. 

A. urmiana shows better reproductive performance in 
a high salinity and it can be considered a very efficient 
osmoregulator within the Artemia genus. It propagates 
by producing mainly encysted embryos, which makes it 
attractive for future commercial exploitation. However, 
its cysts are not easily harvestable since either they sink 
to the bottom or remain in suspension even at very high 
salinity brines. This could be attributed to the chorion 
structure specificity of A. urmiana. 
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